Taking advantage of a novel multiprobe setup we have measured, on a unique sample, the acmagnetic susceptibility, the resistivity, the ac-specific heat and the thermopower of the superconductor heavy fermion CeCu2Si2 under pressure up to 5.1 GPa. At the superconducting transition temperature Tc, the Meissner signal corresponds to that expected for the sample volume and coincides with the specific heat jump and the resistive transition completion temperatures. Differing from previous observations, here the susceptibility measurements did not reveal any anomaly in the vicinity of the resistive transition onset.
I. INTRODUCTION

Despite having been discovered in 1979
1 , the first unconventional superconductor CeCu 2 Si 2 is still under investigation 2 and the origin of its electronic properties remains controversial. At ambient pressure, a heavy fermion (HF) state develops on cooling, and superconductivity (SC), located in close proximity of a magnetic quantum critical point, is usually considered to be mediated by critical spin fluctuations, as it is the case for other HF superconductors [3] [4] [5] [6] . At higher pressure (p) another regime appears, and around p V = 4.5 GPa, valence (or charge) fluctuations associated with the critical end point of the valence transition line of Ce 4f electrons, are believed to provide the glue for Cooper pairs [7] [8] [9] [10] [11] . However, both hypotheses have recently been challenged. A new thermodynamic study 2 (at p = 0) questions the spin mediated origin of the low p SC and a new proposal suggests that orbital fluctuations are responsible for the pairing at high p.
On pressure increase the superconducting transition temperature T c ∼ 0.7 K remains nearly unchanged up to 1-2 GPa, but above that, T c is sharply enhanced and reaches a maximum of ∼ 2.4 K around p V before vanishing to zero. This non-monotonic trend of T c (p) has been essentially probed by electrical resistivity measurements which invariably exhibit a dramatic broadening of the superconducting transition in an intermediate pressure range (1.5-3 GPa) independently of the pressure transmitting medium hydrostaticity (He, daphne oil or steatite) and the sample quality as defined by the residual resistivity 12, 13 . Unexpectedly, the first ac-magnetic susceptibility measurements performed in an He-filled diamond anvil cell 14 point towards a T c (p) dependence which would approximately follow the onset of the resistive transition T onset c (p). It implies a discrepancy of up to 1 K between the magnetic T c and the completion of the resistive transition T R=0 c at pressures around 2.5 GPa. In order to elucidate this issue, we decided to investigate four electronic properties (resistivity (ρ), thermopower (S), ac-heat capacity (C ac ) and ac-magnetic susceptibility (χ ac )) of a unique CeCu 2 Si 2 sample with a high-p multiprobe setup. From our measurements, the ac-magnetic susceptibility superconducting transition coincides with the jump in ac-heat capacity and with T R=0 c reflecting the material bulk property. Moreover the χ ac remains smooth near the resistivity T onset c temperature.
II. METHODS
The modified Bridgman-anvil pressure cell employed for this experiment 15 accepts liquid pressure mediums thus providing a good hydrostaticity 16, 17 and a large working volume which are the required conditions to implement a multiprobe setup 10, 18 . The highlight of this technique is that various physical properties of a unique sample are investigated under identical pressure conditions allowing accurate comparison of the results (insignificant differences might exist between the various regions of the sample being examined by each probe). Here the geometrical arrangement of the assembly together with the sample dimensions, depicted in Fig. 1 , result from a compromise between the constraints associated with each type of probe with a priority given to χ ac measurements. The setup developed for this experiment is placed at the centre of a pyrophyllite gasket with an initial internal diameter and thickness of 1.8 and 0.185 mm respectively which is then filled with Daphne oil 7474 pressure medium 19 and sandwiched between two non-magnetic tungsten carbide anvils with 3.5 mm flats.
The orientation of the magnetic coils, in the plane of the pressure cell, departs from our previous magnetic probe system 18 and offers the possibility to examine much larger samples. The CeCu 2 Si 2 specimen, 480 × 210 × 48 µm 3 (same batch as in Ref . 20) is sufficiently large to generate a well resolved magnetic signal at T c , and remains compatible with the ρ, C ac and S measurement techniques described elsewhere 10, 18 . An acexcitation current of 1 mA at 707 Hz in the primary coil, produces an excitation field of 0.13 gauss and, although the ratio between the sample and the probing volume (filling factor) is 10.5 % in the present setup, the sample susceptibility drop to ρ = −1 at T c induces an EMF of ∼ 60 nV, well above the detection limit of standard apparatus. The joule heating of the primary coil is negligible and does not interfere with investigations down to 0.1 K. With a signal-to-noise ratio of 103, we could also establish the superconducting transition temperature of the Pb manometer and compare it with that of the resistive transition for a better pressure calibration.
A comparison of the sample volume to its Meissner effect amplitude ratio with that calculated for the Pb shows that the field is expulsed by the whole sample with an accuracy of 5 %. This argument is well supported by calculations 21 based on the setup parameters which result in an induced EMF of ∼ 105 nV. The 40% difference between the calculated and measured value (60 nV) falls into the incertitude on the coils dimensions and on the field strength. A difference of the same order exists between the expected and experimental value for the Pb.
III. RESULTS
Susceptibility curves, of the CeCu 2 Si 2 sample at different pressures are plotted in Fig. 2 . The data display a unique distinct anomaly superimposed over a linear temperature dependent background. The superconducting transition T c comes to a maximum of 2 K at 4 GPa. Its width remains constant up to 2.65 GPa but tends to broaden gradually in the subsequent runs. We estimated the dependence of T c from two different criteria, T onset c and T offset c corresponding to a drop from the normal state value of 1 % and 99 % of the full transition respectively. Both appear in the p−T phase diagram Fig. 4 , and indicate that, above 2 GPa, our measurements strongly disagree with the susceptibility study reported by Thomas et al. 14 . Although, up to 4.38 GPa, a well-defined sharp transition with a pressure independent amplitude is observed, at higher pressure it is not trivial to define T onset c and the full transition could happen to some degree at slightly lower temperature; at 5.12 GPa the transition is not complete and only T onset c is defined. An example of data sets from the four physical properties at selected pressures (0.34, 2.62 and 4.38 GPa) is given in Fig. 3 to illustrate the concurrence of the results. At each pressure, clean and sharp transitions observed in the heat capacity and ac-magnetic susceptibility take place simultaneously. These anomalies are directly related to the bulk properties of the material and their midpoints temperature which are indicated by vertical dotted lines are located at temperatures very close to T R=0 c . The heat capacity expressed as C/T gives an esti-mate of the electronic specific heat coefficient γ which decreases with pressure increase. The same trend is clearly observed at low pressure (up to 2 GPa) in the accurate measurements reported in Ref. 5 . The amplitude of the anomaly then reaches a maximum near p V and qualitatively agrees with previous measurements 9, 22 . The discrepancy between our results and other studies is due to the variations in sample quality and experimental setup.
The resistive transitions on the other hand are stretched over ∼ 0.4−1 K at 2.63 and 4.38 GPa with their T onset c appearing at higher temperatures where strictly no anomaly is seen in either C ac or χ ac data (inset Fig. 3 ). This broadening is intrinsic to CeCu 2 Si 2 for which a phenomenon of filamentary superconductivity drives the resistance property 9, 22 in the intermediate pressure regime. Deviations are observed neither in the C ac nor in χ ac data until the resistivity values drop by at least 80 % which suggest that only a negligible sample volume engages in the filamentary behaviour.
The measured thermoelectric power is typical of Ce compounds close to a magnetic instability; at 2.5 K we observe values of -12, -2 and 9 µV.K −1 at 0.34, 2.62 and 4.38 GPa respectively with a sign change at p ∼ 3.5 GPa as formerly documented in Ref. 10, 23, and 24 . S is also dominated by the development of filamentary superconductivity hence the concurrence of ρ and S superconducting transition onset at each pressure. The S ∼ 0 values obtained in the superconducting state are expected and confirm the good functioning of the technique.
In Fig. 4 , T c values obtained from χ ac , ρ and C ac (both onset and offset criteria for χ ac and ρ) are plotted together with those from Thomas et al. 14 χ ac data. Between 0.35 and 1.72 GPa the resistivity T onset c interpolation is based on previous observations 20, 25 . Susceptibility and heat capacity data clearly indicate the sample bulk properties and despite a slight pressure related broadening of the superconducting transitions in χ ac , at each pressure, they correspond to T R=0 c and pinpoint the collapse of superconductivity at around 5-5.5 GPa. In contrast, the previously published susceptibility data display a maximum T c at 3.1 GPa materialised by a significant change of slope and suggest the persistence of superconductivity up to 9.5 GPa (T c = 0.9 K, not shown). While in some samples 13 tiny resistivity drops have been observed in a similar pressure range no evidence of superconductivity was ever detected in bulk measurements above ∼ 5.5 GPa down to 0.5 K.
IV. DISCUSSION
The major attributes of the present sample ρ(T, p) conform to previous reports ity. In fact our results seem more concordant with the results obtained by Holmes et al. 9 which were collected on a crystal from a different batch and in a helium loaded diamond anvil cell. It is for such delicate and generally destructive studies where reproducibility, due to p conditions and to the sample itself, is an issue that the single setup multiprobe approach on a unique sample is extremely valuable.
The weak pressure dependence of T c observed in the bulk properties between 0.3 and 0.8 GPa is consistent with the data presented in Ref. 6 . Further comparison with Ref. 8 is difficult because these measurements have been performed on partially Ge-substituted samples which results in modest maximum of the resistive T c (∼ 0.95 K) caused by the pair breaking effect of nonmagnetic disorder in accordance with a large residual resistivity (see also Ref. 26) .
In the high sensitivity magnetic susceptibility measurements we note the absence of any feature at temperatures around the resistivity T onset c
. It implies that the broadening of the superconducting transition in the intermediate pressure regime (1.5-3 GPa) results from a minute part of the sample involved in some form of filamentary superconductivity. This observation has been previously investigated by Holmes et al. 22 who showed that when exciding the critical current density, the high temperature part of the transition disappears and a sharp transition is recovered. The configuration of our setup was not suited to such tests but the susceptibility results lead to a similar conclusion.
V. CONCLUSION
We have developed a multiprobe setup which enabled the investigation of four different physical quantities, simultaneously for some of them, on a unique sample at extremes of pressure and temperature. S, C ac , χ ac and ρ measurements carried out on the high quality CeCu 2 Si 2 single crystal provide directly comparable datasets. The p − T phase diagram derived from these measurements (Fig. 4) 
